We studied the linear sigma model with O(N ) symmetry at nonzero temperature in the framework of the CornwallJackiw-Tomboulis formalism [1, 2] . Extending the set of two-particle irreducible diagrams by adding sunset diagrams to the usual Hartree-Fock contributions, we derived a new approximation scheme which extends the standard Hartree-Fock approximation by the inclusion of nonzero decay widths. In this approximation, in-medium modifi cations of the meson masses as well as decay and collisional broadening effects are self-consistently taken into account.
Introduction
At nonzero temperature T , ordinary perturbation theory in terms of the QCD coupling constant g breaks down in the sense that one can no longer order different contributions according to powers of g. The reason is that all terms of order gT /p have to be taken into account which requires the resummation of certain classes of diagrams. A convenient resummation method is provided by the extension of the Cornwall-Jackiw-Tomboulis (CJT) formalism [3] is the tree-level action, G −1 the inverse tree-level two-point function, and Γ 2 [φ,Ḡ] the sum of all two-particle irreducible (2PI) vacuum diagrams with internal lines given byḠ. The stationary points of this functional provide self-consistent equations for the expectation values of the one-and two-point functions. Since it is practically impossible to compute all 2PI diagrams, and one has to truncate Γ 2 , for instance at some order in the number of loops. In the Hartree-Fock approximation Γ 2 solely contains diagrams of so-called " double-bubble" topology, and the self-energies only consist of " tadpole" diagrams, which is a very simple approximation scheme, since tadpole self-energies do not have an imaginary part and, consequently, all particles are stable quasiparticles. Our goal in this work was to include the nonzero decay width of the particles. To this end one has to add other diagrams to Γ 2 which yield self-energies with nonzero imaginary part. The leading diagrams which are the only ones considered in the following are those of the so-called " sunset" topology. * roeder@th.physik.uni-frankfurt.de † ruppert@phy.duke.edu The qualitative behavior of the chiral condensate, shown in Fig. 1 , is similar in the Hartree-Fock and the improved Hartree-Fock approximation: the condensate drops significantly with temperature indicating the restoration of chiral symmetry. Since we considered the case of explicit O(4) symmetry breaking, the chiral phase transition is a crossover transition. Nevertheless, one can defi ne a transition temperature, T χ , as the temperature where the chiral susceptibility ∂σ/∂T assumes a maximum. Quantitatively, the inclusion of a nonzero decay width lowers T χ as compared to the standard Hartree-Fock approximation by about 20%. The transition temperature T χ ≃ 160 MeV agrees well with recent lattice results for the two-fl avor case [4] .
